Abstract
INTRODUCTION
Image processing is a vital field of research and has been established as a core field of innovation in modern health care. Among the processing techniques medical image segmentation plays an important role in biomedical applications. The retinal fundus image processing helps to identify eye disorders such as glaucoma, diabetc retinopathy, hypertension, macular edema, arteriosclerosis etc. Fundus image processing involves fundus image feature extraction and its analysis. Inorder to analyse the fundus features some ocular parameter have to be calculated. For this the features have to be segmented into the ISNT quadrants.
In the existing methods predefined mask images of size same as that of the image are used to segment the features into four quadrants. In such cases centroid of the feature is not considered and thus results in inaccurate segmentation of the features. This paper proposes a novel approach towards mask generation for ISNT quadrants using array centoid method. This method involves optic disc centroid calculation, array initialization, mask generation and mask-feature image multiplication.
The paper is organized as follows. The section 2 gives theoretical background which includes basics of fundus eye image, fundus image features and ISNT quadrants. Section 3 describes the proposed array centroid method. Section 4 shows the experimental results. Conclusion and future scope are presented in section 5.
THEORETICAL BACKGROUND
The basics of fundus image, fundus image features and ISNT quadrants are explained below.
Fundus Image
The fundus of the eye is the interior surface of the eye, opposite to the lens, and includes the retina, optic disc, macula, fovea, and posterior pole. Fundus photography (also called fundography) is the creation of a photograph of the fundus. Modern fundus photographs generally recreate considerably larger areas of the fundus than what can be seen with handheld ophthalmoscopes. Fundus photography is performed by a fundus camera, which basically consists of a specialized low power microscope with an attached camera. 
Fundus Image Features
The important fundus image features are optic disc, optic cup, optic rim and blood vessels as shown in Fig2. The optic disc or optic nerve head is the location where ganglion cell axons exit the eye to form the optic nerve. The optic disc is also the entry point for the major blood vessels that supply the retina.
There is a central depression, of variable size, called the optic cup.
Fig -2: Fundus eye image features
Optic rim is the region between the optic disc and optic cup. The pattern of rim width in a healthy optic nerve is thickest inferiorly, followed by superiorly, nasally and the temporal rim is the thinnest.
Extracted Fundus Eye Features
The fundus eye image features can be extracted from the fundus color image using image processing techniques such as color space analysis, morphological processing, filtering and thresholding. The binary images of fundus features for the image shown in Fig 
Fig -4: ISNT quadrants
The relevance of these quadrants in fundus image analysis is that the segmented fundus eye features in the ISNT quadrants can be used for the calculation of ISNT ratio, Rim to Disc Ratio (RDR) and ISNT rule verification which further helps in the diagnosis of many eye disorders. The cardinal clinical sign of glaucomatous optic neuropathy is thinning of the neuroretinal rim, with the regional preference for the superior and inferior poles of the optic disc. RDR is calculated for the inferior and superior quadrant as the ratio of rim area to disc area. ISNT ratio is calculated using the ratio of area of blood vessels in inferior superior to nasal temporal side of optic disc. There may be a shift in blood vessels to nasal side in glaucoma patients and thus the ISNT ratio will be less compared to normal person's image. The ISNT rule states that in normal eyes the thickness of the neuroretinal rim along the cardinal meridians of the optic disc ,that is the rim width, decreases in the order inferior (I), superior (S), nasal (N), temporal (T), and that the neuroretinal rim in glaucomatous optic disc violates this quantitative relationship. The four variants of ISNT rule are (I>S, I>S>T, I>T, and combined I>T and S>T).
METHODOLOGY
The flow chart for the array centroid method is shown in Fig  5. The method involves centroid calculation, array initialization, mask image generation and mask-feature image multiplication. 
__________________________________________________________________________________________

Centroid Calculation
The first step in array centroid method is the calculation of centroid of the optic disc. The centrod value of optic disc is calculated and the centroid is located in the image as shown in Fig 6. The centroid values are denoted as (C1, C2).
Fig -6: Centroid of optic disc
Array Initialization
The Array consists of rows and columns and the size of the array is defined by this rows and columns. The array initialization involves defining an array of size same as that of the image to be segmented and then initializing all its values with zero as shown in Fig 7. The image size is defined by its pixels and each pixels are denoted as (i,j).The number of rows and columns in array are denoted as R and C respectively.
Fig -7: Initialized array
Mask Image Generation
The mask image for each quadrant is generated exploiting the characteristics of array and the centroid value. The mask image act as an image filter Thus the mask image should be such that the desired quadrant should be white and all other quadrants should be black. The mask generation for the four different quadrants are explained below.
Inferior quadrant is the lowermost quadrant. The mask for this quadrant should be such that inferior quadrant is white or binary 1 and all other quadrants are black or binary 0.The logic used to generate inferior quadrant mask is given below.
Superior quadrant is the uppermost quadrant and the mask image should be such that superior quadrant is white or binary 1 and all other quadrants are black or binary 0. The logic used to generate superior quadrant mask is given below.
The leftmost quadrant is the nasal quadrant for left eye and temporal quadrant for the right eye. The mask for left quadrant has white pixels on left quadrant and black pixels on other quadrants. The logic used for the mask generation of left quadrant is shown below.
The rightmost quadrant is the temporal quadrant for left eye and nasal quadrant for the right eye. The mask for right quadrant has white pixels on right quadrant and black pixels on other quadrants. The logic used for the mask generation of right quadrant is shown below. 
Mask Feature Image Multiplication
Inorder to segment the fundus features into the ISNT quadrants the feature image have to be multiplied with the respective quadrant mask image. Thus the optic disc , optic rim and blood vessel in each of the four quadrants are obtained.
EXPERIMENTAL RESULTS
The proposed method is applied to the image database collected from hospital. The different fundus image features are segmented into the four quadrants using array centroid method.
The mask generated for the ISNT quadrants are shown in 
CONCLUSIONS
In this paper, a novel approach for the mask image generation for segmenting retinal fundus image features into ISNT quadrants has been presented. The proposed array centroid method have four steps, centroid calculation, array initialization, mask image generation and mask-feature image multiplication. The centroid of optic disc is calculated and then an array of size same as that of the image is initialized with all its elements zero. Then the masks are generated for all the four quadrants using the array characteristics and centroid value. The generated mask is multiplied with the feature image to obtain the quadrant segments. The proposed method accurately segments the optic disc, optic rim and blood vessels in disc region into ISNT quadrants.
The segmented features can be used for the ocular parameter calculation. The ocular parameters that can be calculated from the obtained features are Cup to Disc Ratio (CDR), Rim to Disc Ratio(RDR), Inferior, Superior Nasal, Temporal (ISNT) ratio etc.Further these parameters help in the diagnosis of eye disorders like glaucoma.
